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Services Oriented Architectures

¢ Distributed applications are rapidly converging
towards the adoption of a computing paradigm
based on service-oriented architectures (SOA).

¢ The service-oriented architecture provides the
necessary support for the consolidation of
multiple services into a single composite service
corresponding to the overall process.

¢ Service providers are interested to describe the
QoS characteristics of  offered services,
specifically with regards to the performance and
the reliability.

* An approach Is needed to integrate the
performance and the reliability prediction into
services composition processes
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Composite Services

¢+ A composite service can be seen as a set of

services that cooperate to execute a process that
defines the interaction workflow.

+ Different paradigm of collaboration:

web web web SELE VE web
service service service service
REPLY
\ RECEIV‘//'
INVOKE INVOKE
REPLY INVOKE
web
service

ORCHESTRATION CHOREOGRAPHY

¢+ Several languages was proposed to describe

Interactions between web servces. We specifically
focus on BPEL
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QoS-Enabled WSDL

+ A WSDL description is an XML document
that contains all the Iinformation about
service capabilities and Invocation
mechanisms

+ A WSDL does not contain any description
of QoS characteristics of Web Service

¢ A WSDL extension Is needed

¢+ The proposed (lightweight) extension is
based on a metamodel trasformation

¢ The WSDL and Q-WSDL metamodels are
defined by use of the Meta Object Facility
(MOF)
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Performability Prediction

The proposed method is integrated Into a
model-driven service composition process
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QoS Prediction

* |In this work the QoS prediction is specifically
carried out In terms of performability (joint
analysis of performace and reliability)

¢ Performance predictions are achieved by use
of LON (Layered Queueing Network) models.

* The Reliability prediction is obtained from the
MTTF values specified in Q-WSDL descriptions
of component services.

¢+ An algorithm is proposed in order to
determine a “Reward Rate” for each candidate
configuration, that takes into account both
performance and reliability

SIPEW 2008 P. Bocciarelli 7



Performance Prediction:
BPEL Executable Model

¢+ The annotated AD representing the BPEL
executable process, Is translated into a
LQON model

¢+ The stereotypes introduced to extend UML
Activity Diagram:

Stereotype | Base Metaclass | Description
«process» ActivityPartition | BPEL process coordinator
«partner» ActivityPartition | BPEL partner (component web service)
«receive» Action BPEL receive activity
«invoke» Action BPEL invoke activity
«reply» Action BPEL reply activity
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Performance Prediction:
Mapping of BPEL into LQNM

Basic Interaction

Flow
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«process»
apl:ActivityPartition

«receive»
al:Action

«partner»
ap2:ActivityPartition2

ael:ActivityEdge

ae2:ActivityEdge

«invoke»

a2:Action

«reply»
a3:Action

(aelca

«process»
ap1:ActivityPartition

«receive»
al:Action

«partner»
ap2:ActivityPartition2

ae1:ActivityEdge

ae2:ActivityEdge

«reply»
a3:Action

ae4:ActivityEdge

«invoke»
a2:Action

al:Entry \ a2:Entry
\
ae2
\ ap2:Task
a3:Activity
apl:Task
al:Entry \ a2:Entry
&
ae1:Call
ae2 ap2:Task
a3:Activity fh:Activity
ae4 ae3
&
ad:Activity
ap1 :Taskj

ae3:ActivityEdge
«reply»
a4:Action
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Performance Prediction:

Mapping of BPEL into LQNM

«process»
apl:ActivityPartition ap2:ActivityPartition2 4
/ al:Entry \ a2:Entry
—B> req:ObjectNode aéx respizal
n_res
\\ V req:Call (n-resp)
. 2:Task
M e SS ag e EXC h an g e 3912A0tivityEdge 33:ACIIVIty (n_recl) ap as
' apl:Task
ae2:ActivityEdge \ ) ne:Entry
/ {dem}

-+ :ObjectNod
resp Jectiiode Net:Task

dummy

¢ The transformation of BPEL switch and
while constructs are dealt by

Conditional and associating PAprob/PArep tagged values
Iterative to Action instances stereotyped as
Primitives «PAstep», according to the SPT profile.

¢+ Tagged values are used to compute the
number of calls to LQN entries.
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Reliability Prediction

¢ It Is assumed that the MTTF value is
specified for each services provided by

BPEL partners involved in the composite
service.

¢+ By assuming an exponential distribution
probability for failures, the reliability
assoclated to each AD node a (BPEL basic
activity) can be computed as:

1
R, (D) =6 MTTF,
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Reliability Prediction:
Reduction Rules

saquence flow
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Performability Prediction: the idea

NN

g Concrete Services

Abstract Process Candidate Configurations

For each (initial) candidate configuration a
reward rate Is computed: an overall attribute
that combines both the throughput and the
reliability of the composite service
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Performability Prediction:
The Algorithm

1. Generate the State Transition Diagram (STD)
. Select a candidate configuration as the initial configuration

3. Use the reliability predictions to obtain the transition
probabilities of the STD

4. Calculate the absorbing probabilities P(CS;) of being in a given
working configuration (i=1..n) starting from the initial
configuration;

5. Use the performance predictions to obtain the performance (in
terms of the throughput) T(CS;) associated to each
configuration, and assign it as a reward

6. Obtain the performability prediction in terms of the expected
reward rate of the composite web service CS given by:

N

n
RW (CS) = Z P (CSi) T (CS))
=1

SIPEW 2008 P. Bocciarelli 14



Case Study

¢ L et us consider a composite web service
that provides an operation for creating
travel plans. The process requires the
following services:
e Flight Manager (FM) service
e Accommodation Manager (AM) service
e Transportation Manager (TM) service

¢ Our Intention is to show how the
performability analysis can lead to results
unexpected If performance and reliability
attributes are dealt with separately

SIPEW 2008 P. Bocciarelli
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Abstract

TravelAgent

FM

AM

™

¢ The

abstract
composite web servie is built as a
of the model-driven
performability analysis

* Let us suppose that two different
candidate services are avalilable
to bind the TM service.

first step

Model

model

of

the

:
$
3

Parameter TM, TMg
Performance CarReservation 120 ms 90 ms
time demand
Cablnfo time | 115 ms 84 ms
demand
Network bit rate 10 Mb 100 Mb
Reliability MTTF 10*10"8 | 7.2*1077
R(1lyear) 0.961 0.645
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Annotated AD Model

<<reliability=> -
{qualification="threshold-best-effort’;
isCffered="true";

TimeToFailure={10"10"8 'sec’

Jassumed' 'mean’, increasing}}
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Performance Prediction

If the prediction activity is limited to
performance-related attributes, the choice of
the alternative denoted as TM; Is to be
preferred as initial configuration for composite
service
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Perfomability Prediction:
Stepl: Definition of STD

* The State Transition Diagram represents the
possible configurations that the composite service
may undergo before experimenting a failure

* The states represent the working configurations,
while the transitions represent the probabilities to
remain in a configuration or move to a different

one.
State Description P12
CS, Composite Service in P11 P22
the failed state -
CS; Composite Service P10 020

including TM,
CS, Composite Service @
including TMg
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Perfomability Prediction:
Step2-3: Transition Probabilities

+ At the second step of the algorithm, a candidate
Initial configuration is selected (two alternative
STD, and STDg )

+ At the third step, the transition probabilities in the
STD are obtained by applying the reliability
prediction method

P STD, STDg STD A STDB
P11 0.746 0.746 ' |

[ |
P12

Poo 0.385 0.385 P11 P22

P12 0.039 0.385 D21

P> 0] 0.355 P10 P20
Pio 0.215 0.254
P-o 0.615 0.260
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Perfomability Prediction:
Step2-3: Values for STD,

R(1y)=0.969
R(1y)=0.939 ‘
R(1y)=0.969
Rmua(1y)=0.961
Rrue(1y)=0.852
R(1y)=0.939 U
‘ >OH< ‘
R(1y)=0.969

SIPEW 2008

pP,; = 0.746 (reduction rules)
P> = 1 - Ryya(lyear) = 0.039
P =1-pPy; - P, =0.215
P21 =0

P,, = 0.385 (reduction rules)
Poo = 1 - Pyy- Pyy = 0.615

STDA STDB
| I
' P12 !
P11 D2
P21
P1o P20
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Perfomability Prediction:

Step4: Absorbing Probabilities

+ The fourth step of the algorithm calculates the
absorbing probabilities P(CS;) of being in a given
working configuration starting from the initial
configuration CS; (in the STD, case) or from the
Initial configuration CS, (in the STDy case)

Alternative

Description

STD,

P(CS))= p11

P(CS,)= p1s *Poo

P(CSp)= P12 *P2o +P10

STDg

P(CS)= ps1 *P11

P(CS,)= p,s

P(CSp)= P21 *P1o +P20

SIPEW 2008
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STDA STDB
| |
' P12 '
P11 P22
P21
P1o P20
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Perfomability Prediction:
Step5-6: Expected Reward Rate

+ At the fifth step the performance prediction is carried
out to obtain the performance (in terms of the
throughput) T(CSi) associated to each configuration

+ At the sixth step, the expected reward rate is obtained

) n
by use of: RW (CS) = ) P (CS;) T (CS)

0,0035 =1

0.003

2 0005 /:;".,4—4 The pe.rformablllty

g /;/', prediction shows that

: "0 E—y an initial configuration

B 0.0015 // —a—STD(B) with TM, is to be

g8 / preferred, in contrast

& 0001 with what obtained
0.0005 1 from the performance

prediction.

0 10 20 30 40 50 60
users
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Conclusions

Describing and predicting the QoS of composite
services is a challenging and strategic issue in SOA
contexts

We have introduced a model-driven approach for
predicting the performability of composite services
specified by use of BPEL

Our approach exploits an already available method for
performance prediction founded on Q-WSDL

We have introduced a model-driven method for the
reliability prediction of composite services

Such method has been then combined to the
performance-related one in order to obtain a
combined prediction guantified in terms of
performability

Work is Iin progress to implement the proposed
method by use of existing performability evaluation
tools

SIPEW 2008 P. Bocciarelli
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